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HEAD 1
NEW HARD Y-Rov SQURCES

TSR0

THIS LATA 3ET Has BEEN REZTORELD. ORIGINGLLY THERE
WAS DHE F-TRACK, 180 BRI TAFE. THERE 1S OnE RESTORED
TAPE, THE Tape CONTAINS TWO FILES o OATE, THE FIRST
FILE I3 ABCII ANE THE SECOND FILE 1t EECUIC. THE TaFe
WAS CREATED ON an IBM 3&C COMPUTER, THE DR TAFE 1% 4
33480 CARTRIDGE AN THE L[S TAFE 15 7-TRACK, &4I50 RFI. THE
LR AND DS NUMEERS ALONG WITH THE CORRESPONDING [ NUMBERS

ARE AS FOLLOKS .
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LROZ7i4 bs0271e 45319 Z ORSGLT7T7 - 03/09/78




REQ. AGENT RD # ACQ. AGENT
1SM V0088 MCL

HEAQ 1
NEW HARD X RAY SOURCES

77-075A-02D

This data set consists of one data tape. It is 1600 bpi, 9 track
with two files. The files are identical but the first file is in ASCII
and the second file is in EBCDIC. This tape contains a listing of TABLE
2 of the paper " New Hard X-Ray Soures Observed with HEAQ A2 ". The
table contains the positions and intensities of these sources. The 'DF

and 'C' numbers and time span follow:

D# C# TIME SPAN

D-48319 C-21559% 9/1/77 - 3/9/78




1h- 07;/?—0 2D
Enclosure 1

The tape is 9 track, 1600 bpi. It contains two files which are
identical except that the first is in ASCII and the second is in
EBCOBEC. The logical record size is 124 bytes. FEach Tlogical record is
an image of a line normally printed on a line printer. The physical
blocksize is 2480 bytes. The blocking format is FB.

Two lines of data are given for each source. The data are formatted as
follows:

Line 1:
Columns Format Content
3 Al ‘H'
4-7 14 Right Ascension
8-11 14 Declination
14-20 F7.2 Right Ascension
21-27 F7.2 GaTlactic Longitude
29-56 4F7.2 Right Ascension of Box 1
58-85 4F7.2 Right Ascension of Box 2
86-91 F6.2 Size of Error Box 1
92-98 F7.2 Intensity
99-104 F6.0 Day of Observation
109-124 -16A1 Comments
Line 2:
14-20 F7.2 Declination
21-27 F7.2 - Galactic Latitude
29-56 4F7.2 Declination of Box 1 .
58-85 4F7.2 Declination of Box 2
86-91 F6.2 Size of Error Box 2

109-124 16A1 ' Comments




PEXE TRPLIST [S

U\

INPUT PARAMETERS ARE: _AS FL=1=1

TAPE NO. 1 FILE NO. 1.
RECORD 1 LENGTH 24450
B e e e JTABLE 2. .
LIST OF SOUKCES.
NAME RA
L BOX1 S0XK2. o - 8S1IZE 1 INT. DAY COMMENTS
DEC 3 1450 KA/DEC 1958 RA/DEC SIZE 2
D 5. 2 A AR & U9 S (2} 32 4) (5) (e (7 (8) (%)
(10> (119 (12) (13> (14) (15)
e . HOO0B8+105 2,12 .107.12 4,97 .359.39 359%.16 4.75 1.67 1.44 2.57 2.79 3.30 1.6
4 362. I1IIZW2%x% 106.54 -50.81 11.45 9.04 9.54 11.95 10.05 10.55
e 11.04 18.53  0.64 SAS3 POSITION
H0048-731 12.11 3
306 AB.68 775 5.64 15.02... .12.39. ..18.4%  11.88 .13.70 3.60 . 4.40 _308. . SMCX=34*

-73.13 ~44.27 -70.59 -76.02 -75.71 -70.36 -73.67 -73.41 -72.59 -72.85 0.54

SAS3 POSITION

HO0053~739 13.46 302.54 18.%96 10.71 7
..o=15 16.68  14.4¥ 11.76 .12.52 15.15. 4.¥0 4.70 _307. SMCX=2%%* ~73.99
-43.41 -70.86 =76.39 ~76.01 -70.5%9 -74.37 -74.06 -73.59 -73.91 0.40 SAS3 POSITIO
e - . . , .
H0111-14% 17.287 146.87 15.35 21.03 20.77 15.11 17.10 16.8
4 18.65. . 1¥.9%0 3.60 Lo49% __367. ABL1D1* -14.93 ~76.48 -16.31 -13.8% -1

3.34 -15.76 -15.59 -15.04 -14.27 -14.42 1.11

TAPE NO. 1 FILE NO. 1
. RECORD 12 o CLENGTH 620
R . - : NOTE 1z THIS SOURCE CO

NFIRMED USING 3 BEGREE FOV.

NOTE 2: SOURCE NEAR NORTH ECLIPTIC POLE~—NO BOX 2 DETERMINED.

*xkkx JURB DONE.
_SWEO LPS

3%

SREW LO

D-45314




DumE OF TAPE X=-406

szcq qbvﬁ x #om on My 2
DATA INPUT HY FL 1 1 1 e e
FILE 1 RECORD . 1___LENGTH  2480BYTES
( 0) 20202020 20202020 2020 mom 62020 202020820
< 49) 20202020 20202020 mcmammm% mwc uwmmmbmci;wpmpmbwp‘
( 30) 20202020 20202020 20202020 momamoma 20202020 20202020
T ee) T h0a05050 50505000 soktobo8  Fanoitde s0sdutss 3%, 5ibes
( 160) 20202020 20202020 204 S 54204F46 20534F55
( 260) 20202026 20202020 202020620 20202020 = 20202020, 20202020
( 2490) 20202020 20202020 20202020 208202820 20202020 20202020
L 280) 2p202020 20202020 20202020 20202020 ,mnmamomn .28202020
C 3200 20202020 20202020 20202028 28202020 mmey@ 202020
¢ 360) 20202020 20202028 20202020 . prwmwww Nm & 02020 .
¢ 400) mowaWMh%m WMWWwoma 206202020 204 mw 202
_ Co.._940) 20202020 mowampmc mea 203
¢ 450 Mx 20202020 mam 2020 NW.N_ mm
( 520> mcmom 202p282 2028
« 560) Namcmau umww mamWﬁwum momcmoma 2020
||||;w;:z@pb~xeahhmombmbcfmbmbmbwps 20202020 mamnmpmnt‘mawmmbma 20202020
( 640) 2020202% 33292020 20202020 28342920 20202028 35292020
C 6810) 20283829 20202020 283929208 20202831 30292020 20283131
( 720) 2831342% 20202020 20283135 29202020 202020620 20202020
C 768) 20242020 20202020 20202020 20202020 202062020 20202020
( 200) 20202020 20202020 20202020 20202020 20202020 20202020
€. mRap) 20202020 20202020 20202020 20202020 20202020 20202020
( £30) 20202020 20202020 20202020 20202820 20262020 20202020
_ < $20) 20202020 20202020 20202020 20202020 20202020 20202020
C 769) 20262020 20202020 20202026 20202020 20202023 20202020
€ 1800) 31303520 202020320 . 322E3132 20313037 2E313220 20232034
¢ 1940) 36202020 342E3735 20202020 31263637 20202031 2£343420
. _19580) 203330620 20203128 36342020  3336322E 20202020 4%49495A
« 1128) 20232020 20202023 20202031 302E3534 20203530 2E383120
. €.1160) __20392E35 34202031 . 312E3935 20202031  302£3035 20203130
C 1200) 33202030 2E363420 20202020 20202020 20202020 20202020
C_1240) 20202020 20202020 20202020 202032020 20202020 20222020
¢ 1230 20202020 20202020 20282020 20202020 20202020 202020290
( 1323 20202020 20202020 20202020 20202020 20202020 20202020
A 1360) 20202020 20204&30 30343&%2D 37333120 20202031 3223131
o€ 14002 20203728 37352020 20352€36 34202031 352E3032 20202031
¢ 1440) IX3%2020 31332E37 30202033 2E363020 2020342E 34302020
(_1430)> 20202020 2020202Q¢ 20202020 20202820 20202020 20202Dp37
¢ 1520) SE353920 2D37362E 3032202p 37352E37 312062037 302E3336
(15602 2D37322F 3539202D 373I22E3E. 35202030 2E35342Q 20202020
C 1600) 20504F53 4954494F 4E202020 20202020 20202020 20202020
C 1640) 20202020 20202020 20202020 20202020 206202020 208202020
C 1639 20202020 20202820 20202020 20202020 20202020 20202020
_ ¢ 1728)_ 20202020 20202020 20202020 .20202020 20204830 30353320
C 1760) 2E353420 20203138 28393620 2031302E 37312020 20372E37
(__1898) 20203131 2373620 2031322E 35322020 313%2E31 35202034
¢ 1840) 20202020 534D4358 2D322A2A 20202020 20202020 20202020
¢ 1880) 20203433  2E343120 20203730 2E383620 2037362 3339202D
« 1920) 34263337 20203734 2E303620 2b37332E 35392020 37332E39
- C 196D0). 20202020 20202020 53415333 20504F53. 49544%94F 48202020
( 2000 20202020 20262020 20202020 20202020 20202020 20202020
( 2048) 20202020 20202020 20202020 20202020 20202020 20202020
¢ 2089) 20202020 20202025 2023202C 20202020 20202020 20202020
€ _2120)_ 20202031 372£3837..20313436 . 2E383720 20203135 2E333520
¢ 2160) 352E3131 20202031 37253130 20203136 2E353420 2031382E
C_2200) 2020312F 343920620 3336372E 20202020 41423135 312A2020
C 2240) 20202020 20202031 342E3933 20203736 2E343820 20203136
( 22810) 34202031 352E3736 20202031 3S2E3539% 20203135 2E303420

20202020

20202020

20202020

.202020290

2t202020
20202029
26202020
20202020
20202020
20202020
mcmamc
Nemamwa

m 2020
i
2028312

20202836
29202028
20202020
20202020
202029020
2p202020
20202020
202029020
20262020
2E393720
2020322¢€

57322A2A .

202083131
2E353520
53415333
20202020
20202020

20202020

20333033
322E3339
3330382¢

33283133

20202537

20202020

20202020
20202020
20202020
37333920
35202031
2E383020
20202020
37362E30
31202030
20282020
20202020
20202020
20262020
2032312E
36352020
20202020
2E333120
2D31342E

20202020

20202020

20202020
20202020
20202026
20202020
20202020
20202020
mwmwmoma
Wiz020
202020
2t2020
20202020
20202020
20202020
20202020
29202020
31322920
20202020
20202020
202020620
20202028
20202020
20202020
20202020
3335392E
35372020
20202020
2€343520
2031312E
20504F53
20202020
20202020

20202020

2E303620
20203130
20202020
202D 3434
332E3637
20202020
202029020
20202020
20202020
20202031
362E3638
2020342E
20202020
31202037
2E343020
202020240
20202020
20202020
20204830
30332020
31382€E39
20202020
2b31332E
32372020

20202020 20202029
.20202020....20202020
20202020 20202020
-20202020.. 28202020
20202020 20202020
20202020 20202020
20202020 20202020
20202020 20202020
20202020 20202020
20202020 4C202020
w&m amo 20202020
% 20202020
4445, 20202020
maNoNaNQ 2p2 Pﬂ
20202020 3 Wauq
20202020 2 2/
20283729 20202020
20202831 33292020
20202020 202020290
20202028 2020202606
20202020 20202020
20202020 20202020
20202020 20202020
20202020 20202020
206204830 30303828
33392033 35392E31
20322E37 39202033
20202020. 20202020
2020392E 30342020
30342020 31302E35
4954494F 4E202020
.2020260290 . 202020240
20202020 20202020
20202020...20202020
20203135 2E363820
_2E343820 2031312&
53404358 _ 2D332A2A
2E323720  202b3730
202p3733 2E343120
20202020 53415333
20202020 20202020
20202020 20202020
20202020 20202020
332£3436 . 20333032
20202031 342E3438
37302020 3330372&
20202b37 332E3939
302E3%39 20202037
202020206 20202020
20202020 20202020
20202020 20202020
20202020 20202020
31313120 31343920
32302E37 37202031
30202033 2&E363020
.20202020 20202020
38392020 31332E33
31342E3R 322n2n31

B-45319




¢ 2320) 26313120 20202020 20202020 20202020 20202020 20202020
¢ 2360) 20202020 20252020 20232020 20232020 20232020 202920290
¢ 2409 20202020 20202020 202020206 20202020 20202020 20202020
. ¢ 2440) 20202020 20202020 . 20202020 20202020 20202020 20202020
FILE 1_.RECORD .. A2 LENGTH _ ___ 6£20BYTES o
( 0) 20202020 20202020 20202020 20202020 20202020 20202620
( 40) 20202020 20202020 20202020 202020280 20202020 20202020
( 30) 20202020 20202020 20202020 206202020 20202020 20202020
(1200 20202020 20202020 20202020 20202020 20202020 20232020
( 1690 20202020 20202020 20202020 20202020 20202020 20202020
£ 200) 20202020 20202020 20202020 .20202020 . 20202020 20202020
( 240) 20202020 20202020 20202020 206202020 20262020 20202020
A 280) 20202020 20202020 20202020 20202020 20202020 20202020
( 3200 26202020 20202020 20202020 20202020 20202020 20202020
¢ 360) 20202020 20202020 20202020 204E4F54 _ 4520313A 20205448
( 400) 40454420 55534%4E 47203320 44454752 45452046 4F562E20
- C___440) 20202020 20202020 .20202020 20202020 20202020 20202020
( 480) 28202020 20202020 20202020 20202020 204E4F54 4520323A
X 520) 52544820 45434€49 50544943 20504F4€  452D2P4E  4F20424F
4 560) 20202020 20202020 20202020 20202620 20202028 20202020
4 6090) 20202020 202620238 20202020 20242320 20202020 [
FILE INFUT DATA RECORDS MAX ~READ._ERRQR. SUMMARY. . . . _
RECS. INPUT SIZE PERM ZERO B SHORT
1. 12 13 ... 2480 . a a a

EOQJ

bUMP STOPPED AFTER FILE 1

START TIME Q07/29/81

. # OF PERMANENY READ ERRORS .

17:238:06 . STOR TIME {(Y/2%/81. 17:38:1&

202062020
202p2020
20202020
20202020

20202020
20202020
20202020
20262020
20202020
20202020
20202020
20202020
20202020
49532053
202020290

20202020

2020534F

58203220.
20202020

UNDEF .
i

o

20202020
20202020
20202020
20262020

20202020
20202020
20202020
20202920
20202020
202020240
20202020
20202020
20202020
4F555243
20202020
20202020
55524345

- 44455445

20202020

HRECS .

20202020
20202020
20202020
20202020

20202020
20202020
20202020
20202020
20202020
20202020
20202026
202020260
20202020

-4520434F

20202020

202020240

204E4541

20202020
20202020
20202020
20202020

20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202020
4E464952
20202020
20202020.
S2204E4F

524D494FE _ 45442E28

20282020

- INPUT REIRIES . ..
TOTALH

202020290

\W\«Qlwxw







REQ. AGENT RAND # ACQ. AGENT

DAD V0215 HKH
HEAO-1
SOURCE TARGET LIST TIME & RA ORDERED
77-075A-02G

This data set contains one magnetic tape. It is 6250 BPI, 9 track,
has 1 file and is written in EBCDIC with 3 binary header records, it

was created on the 308l1. The C tape is 1600 BPI.

ot cf TIME SPAN
D-59881 C-23463 11/15/77 - 12/29/78




July 20, 1983

TO: 601/Director (J. Vette)
National Space Science Data Center {NSSDC)
FROM: 660 /HEADO-1 A2 Experiment

F. Marshall

SUBJECT: HEAQO-1 A2 Data Submission

Enclosed are two lists of the targets that the HEAQ A2 experiment
pointed at during its mission. The lists are identical except that
one is ordered by time and the other is ordered by right ascension
of the y-axis. Each list has ten columns of infeormation:

1)
2)

3)
4)
3)
6)
7)
8)
9)

10)

target name

whether the target was on the +y Or -¥ gide of the spacecraft
(note that the A2 experiment only viewed the +y targets)

R.A. of y-axis (1950 epoch)

DEC . L) 1"

Day of 1977 of start of point

Second " " " "

Day of 1977 of end of "

Second T LA 1 n
‘PPZ indicates spacecraft alternated between two positions during
point.

point number

Also enclosed is a magnetic tape containing these lists and documentation
on how to read the tape.

G5 NV

Francis E. Marshall
Laboratery for High Energy Astrophysics

Enclosures

cc:

E. Boldt/661

S. Holt/660 WO PKWTQIB L{SZS = dx&f

e /W’M /ﬁfﬁﬁf«/\
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Enclosure 1

The tape is 9 track, 6250 bpi and was written with the SACC IBM 3081,
It contains one file which is copy of a partitioned data set containing
two members. It can be read using the following JCLs:

// EXEC IEBCOPY

//SYSUT1 DD DSN=POINT.LIST,DISP=0LD,
/! LABEL=(1,¥L,,IN),VOL=SER=XXXXX,
// DCB=(DEN=4) ,UNIT=6250

//SYSUT2 DD DSN=ZBMEN.POINT.LIST,

// DISP=SHR

//SYSUT3 DD SPACE=(1,10),UNIT=SYSDA
//SYSUT4 DD SPACE=(1,10),UNIT=SYSDA
//SYSPRINT DD SYSOUT=A

//SYSIN DD DUMMY

T



INPUT TAPE DROUT? oN TUD
_. . CATAa INPUT FGOFL 103 2
L FILE .1 REICOR2 ECEYTIES -
« ) CosUeoc ERUGD 02001C70 006539000 0GON1CR4 3u5A200R 0COD4ATD 0230001E 4E360103
e 4 43) 520802029 0 C00CL00C0 GUoQoRoC 3000000 ;
B} FILE 1 RICORD 2 ZBOBYTES eerﬂb\Uk
¢ 0) 21140002 Q21180000 2G4 FFCOCC00 RF10EG44  048RIA448 SAG0Z730 0C00GC1S& (CO0G4001& 00GE0DOD
_ < 49) 040 bl nonopbmn 000 0000G0OD0  CCO00GO0C0 G00CO000 . 00000000 00000000 00000000 00000000 ! B
¢ 80y ] 5 el vrel e 020 GOGUCHROG 00000000 00GOGACH  000COCO0 CCGOOOGO  COOOCGOOO COCGOOOGO
N ¢ 1200 £20g roonnmom DC0 . 0000C0NG0 _ Q0ONCOGEC  O0CCOC0OC 00GOOCO0O  O0GCOOCOO0 0COO0O0OD GOGCO0O0O ~
¢ 1500 Ceo 50300008 GU0  006OCO0GO  0GOOGOOC  GODOOGEN  ©6G00GH00  JGGOOOOC 0QOGOGECHB 0O0O0DO0O0
o ( 220) (el 50GTCI50 320 0C00DOCC  000CQC0O0  002500CC 0COGGGCCO  00000O0GC GO0CCOBO 00C0COEC
( 243 0cs 300900000 GO0 ©O0CECND  0D0NCCOCC  000NDGOO0  O00OGGOO00 00D0GOOEC O0CCCO0C 00000000 )
: (. 288) 0co g . ] e e R
o FIRE i u 2FEBYTES . o S ‘
« 5) C 30 8000060 GO0BY1G0 FFFFFFFF  FFFFFFFF  O00G26E3CY D4CS4040 40400000
. C 40 2 2 O0400GFFFF FFFFFFSF FFFF3000 GGG0O00G CC0G00D000  GOGOO0GG 00CQ0C00
¢ 39) c %0 ©06003008 00000002 Q002GCO00 COOODEGOC 00B00CCO  0O0CCCCOO COOOCD00 -
_ ( 120 0 g 00002000  0CCUOGCG  0CCOCOO00  0GCGO00O  00GOOOO0O 0OCOOG0O  00C0OGOGO
¢ 162) 3 ;0 ©C500E£06 50000020 00095060 ©ULOGOOGO  30008GO00C  CO0GCCOGO 0G5C000D
B ¢ 250 2 g £00050G0  0C00DOCY  CUGOGODOG 000QGOCS  00000GOC  COCLODOC ©0CGGBL00
¢ Z40) iy 58 000005090 CCeQGGo0O0  0GB00000Q  OQRCCOGOD  GCGCOGOC 0CGOCDOO
_ ( 2813 c 5 LecunLee
N FILE 1 RECORO 13 T300RYTES qnl /0
€ ) 1CE«GRGE  1CRLUIELT 300 GGL1B0CO0& C10T1C7C  CIETFAFD  F4ED0FL140  404GuCal  604C4040  4C404040
B ¢ a7) YTERLCFL FOFa4nFD CFE FlanFrF2I 49FSFRFT 40404040 pom«mmnm‘ GGFEFEFE 404L40F2 FLFGFOF6
« 50) 4C406040 40504240 0«0 FOFOFCFGC FOF2F4F4  CTETF3FO  F4EO0F140 404G4040 40404040 40404040
~ ¢ 128 4EERA0F]  FYF44RFS CF6  F14BF5F7  40FAF1F1  404C40F5 FILIFGFAFD  &GF4F1FLl  404C40F7 F2FIFSFOQ
¢ 15%) 40E5404T  BGL0ALHT 040 FUFGFOFQ  FOFCF3F4  C7C104D4% CLE0C3C1 E2404040  404C4040 403404040 B
N 4 249) LC0R40F1  FO9FS4LF2 0F6  F1l4pFiF0  40F&FOQF0 404aD40F1 FAFDFOF2 40FEFEFD  404040F4 FEFBFOF2
( 2640 40454040 40408040 S4u FOFOFOFG  FOF2FTF4  F2CLFLIF3  FOFA&CFD FLF24040 40404040 40404040
& zB) §EERANFT FIFa4GFS G0  Fl4priFd  40FSF3Fe  4C4N40F3 F4FOFCFS  40FSF3IF6  404C40F7 FOSFEFOFE.
< 3249 43404040 40404040 340 FGFGFOFS FOF1F6F8  C2C1C302 CTDSCEEG  DSC44040 40404040 40404040
_ ¢ 3600 GEVH4GF] FSFOGEFS 4040F1 FS4BFOFE  4OFJF2FT  404040FL1 FOFTF3FY  4OFTF2FT  404040F4 F&FEFOFA
( 43%) 0404040 40404040 ;74040 FUFGFOFG  FOFaFSF5  ESCIDYCT D64CC303  E£4E2E3C5 09404040 404045040
- ( 44() GEEF4OF1  FO9F 743FS ‘nmny FS4BFSFC  G40F7F2F7  404040F1 FOF?F3F8 4CFT7F2FT 404040F4 FBFEFOFS
« 480) 40404547 40490404G J43 FOFOFOFG FOF4FSF4 FaE4F1F3 FLF44EFS  FS404040 40404040 40404040
B C 520)  4YE840F1  FIFHB4FEF4 43F5  F94BFSFO 40F4F9F2  404040FS FTIFEFCFE  40F4F 9FS  4C4040F 7 F9F2FOF6
( 560) 404C6040 w0a06040 D404 FOFOFUFG  FOF1F1FD  E2D4C340 ET760F14C 40404040 40404040 40406040
_ C £60) 60 840F1 nmnm»rnm GF7 F34BF7FR  GOFTF1FC  406040F3 F4FZFCF2 &4CF7F1FC  404040FS FIFGFOF6
( 640) 40404040 40404040 4540 FOFCFUFQ FOF4F3F4  E2064C34C E760F140 403404040 40406040 40404040 -
B « £21) ECEFAQF 1 n@nm:rmm AF7  F348FT7FG8  GOFTF1F4 o404040F2 FL1FEFCF2 4O0FT7F1F4 404040F4 F3F2FOF6
( 725 434360470 404CL0ED 043 FOFQOFOFC  FOF&4F3FR  C3CS50S40  C1404G40 40404060 604C4048 640404040
_ ( 752) GEFER4OF2  FOFLGEFS JF4 FZ4BFTF9  40FSF&F7  4G4040F6 FOFOFOFZ GGFSFEFR  404C40F1 FSFSF1F4
( £200) 4040640460 G0604040 040 FOFGFOFD FOF2F2F2 (3050540 C1404040 40404040 40404040 40404040
_ ( B40) GEEES0F2  FOFUO4EFSE "3F4  F243FTFS  40GF3FRF4  G4040A0F4 FE&FOF2F7 4 CF3FE8F4 404040FS5 FIFYFSFY
¢ 283) 40404040 4G404340 240 FGOGFOFGFC FOFOF2F3 C140F2F3 FO4#04640 6406404040 40400040 40404040
« 920) L0EA40F2 FOF348F9 fOF 1 F14BFTFS  4OFSFEFC 40404040 F3FSLFOFZ 4GFSFEFG  404C040F2 FSF2FOFE
( 350) 404L404° 40404040 ;040  FCFOFJF0O FOF2F1FE  C9C3F4F3  F2F3C140 43404040 40404040 40404040
¢ 1200 4ECE4UFE  FOFE4BFS S0F3  FO4BFUFE  G4CGFSFTF3 404C40F6 FEF4FGF2  4CFSF7F4 40404040 F3FEFOF2
¢ 1043) 40424040 406404040 40804040 FOFOFOF0 FOF2F3F2 F2CL1F1F3  F4FG4EF2  FEFS4040 40404040 40404040
- L1080 4FER40FC  FOFG4RFT  FO04040F2 FE4BFT7F0O  40FSF4F3 40474040 F7FBFOFE  4OFSF4F3  404040F4 F3FS3F8F6
¢ 11200 GLqCA0AC 40634040 4045040 FOFOFOFY FOFIFT7F8  DAD240F2 FTFSLC040 40404040 404040460 40404040
¢ 1140) LT 0R40FE  FOFT4RFT7  F53040F¢ F943FEFS  40FGFSF7  404540F3 FeFSFOF2  G4CFEFSFT7  404040FE& FLlF2F0F2
«C 1230 404240640 60604040 40204045 FOFLFOFG  FOF4F 1Fa ZCIC32N2  CT7DSDGES  D3C44040 40404040 404040490
¢ 1249) GFEA440F2 FOF740FS FesLalF6 FO43FSFS  40FGFSF4  404040FS F2F2FOF2  4O0FGF9FS  404040F1 F4F4FQF 8
¢ 128%) 40404040 40404060 D70T4040 FOFOFOFQ  FOF4F1FD  F2C1F1F3  FAFR4EFT FOF04040 40404040 40404040 )
« 1323 GEC240F2  FOFTGLFS F7474076 FSad4F3FS  40F&FS3F4 40404 0F5 F2FZFOFZ  A0FEFSFS  40404CF1 F4F4FO0FR




SASS OIN TUL

SNOP

INOF

INCP *kkekranden "TOLT@D kdek wkkk & k kK

S$EXE TPLIST €5 S

INPUT PARAMITE®S ARED £ Sk=4=1 1

TARE NO. i H Wo,\ -
FECORD 4 Es
q4 +Y 167.25 59.0031%) pmmuu~upmw 28794 3000000
SHON=1 253t 64332 320 76360 000CO002CYG X-1
~¥ 253%.12 3Z.%6 & 75277 0000000 2ATSG +< 135470 9450
32z 76939 222 23 ZO0C004VELA P T 4Y 308470 45410 327 69403 327 8
GCRa CGooe ~Y 345488 -38427 333 59273 333 63936 ceo
2008 S4C41 335 54606 CO0000CTNGC4151
00000008B2A0922 +Y 140,50 =31
+Y 325418 43436 250 Ta44& 3250
-42,13 355 £3198 395 77620
356 74372 00000D12MBT
0CO00013MRT o +Y 187401
+Y 278430 =-23.22 363 677890
12463 -H.mm 369 57443 369 69262
245 0 CES2T 500000173C279
J000800D18UVCETI Y 2
X=3 +Y 169.76 -60.35 378 5
18480 £3.47 381, 48363 381 £5013
518€1 3820 22161 0o0UC0zZacE
000000236X301=-2 +
cav 21 -Y 1%C.01 -41.00 29¢
+Y 1BB.S5 -~£2.49 357 s76el 357 8204
& 3ch 70967 238 =217 cogono
39 3359 76567 . 0CE0002BAU033E+01
4 7T412¢e COO0CC2ITYOHO ‘ ~Y 185,60 -63.88
SO0DD030A w01 ) +Y 43463 13.25 404 54247 404
275 +Y  4%.15% 41435 40°% 21493 409 5357759 co
23e%6 —13e31 4310 4236 4id 14582 o COCOBOI36X304~1 ]
4457 ~61e37 411 610819 311 72960 300G0C34TYCHOD +Y Se60 &
5440 410 TESTe 0GGS003ICIR X-1 +Y 229420 -3€.99 413 67440 &1
)30 AT 5 +Y 22T430 -S3440 416 59353 41¢ 70814
DCDJCRTING 7 56294 417 £7940Q 300000 38A1439=61
= 0CCD0O33UX ART +Y  S0.8
& CHeShE 415 04 0HER X=1 Y 254.01 2T.42 420 S386
3 6429 5554 +Y 254,01 3S.42 423 7287 4232 67806
$300090 424 59237 424 70893 000000433 C12D
: &8G90 00030044MSF14=5 +Y 2
19.0% =61.71 & : : o .5 00000065MK 561 -Y 73.31 -41.83 427
L2810 427 sosc —Y 72453 =39,90 427 52810 472 64744
PR 0O (7 EeG2 430 48011 430 59819 CC0OCO48H
FR =1 + 1 166%0 DO0O0004SMXR 1728-34
+Y 262420 =33 32 GOO00CSCMXR 1728~34 -Y 82,20 33,80 43
5 £B340 433 317% LOOGIOSIMXE 1729 SE2.20 ~33.80 434 66299 434 773
z8 0o " m@omuzxm 1652-29 -< 75.75 29.930 438 £5986 438 77849 nCooo
OFRMXRB 1728-34 ~Y  8F.CZ0  52.80 42 53071 439 82320 00CCOC0S44L1IE26=6T
~Y 57411 67463 4480 £6227 447 nman 300000S84UDS1T7+17 +Y BD.00 1746
T o464 56501 445 L3248 3500005641700 -37 +Y 254,14 -38.34 445 73806 445
8460 0905 73C ) +Y 251435 =44.,95 446 57606 446 74103 PF 0
CCJC3583ACK + —4G,84 446 STEDE 46 74103 PP 000C0CL%4LITON-37
+Y 447 GhaT 84152 0000N05CCRARISGUBS 21+21) +Y 4446
L1e95 44K 1805 J0000061G6X1+4 “Y 262420 -24470 4582 1802 &
%2 18307 CO0LDAMHE +Y 272474 49 48" »um 50402 4%52 72007 P
P 00000 0E3BACKGRAOUND 43,87 452 50402 452 2007 PP D0ODOD0G44ULE2R=-6
7 “Y CHEenl —E£TelB 433 LoRCE 483 77406 mmunooawaquumm +Y ZES.

nis| 77y

77 -4 -026
Foted by WS2C Shf




*kk%k TSO FODREGROUND HARDCOPY #Hkkk

" DSNAMEZ=ZBMEN PO INTLLISY

— FEST RQINT . . . &Y 167+25. $9.00 319 . 16933.-319 . 20794 0U000001L
SMCX—1 +Y 19.20 —73.60 320 64338 320 76360 00000002
CYG x—1 +Y 299.12 35.06 321 67621 321 79677 00000003

" ATS% +Y 135,70 =9.50 322 76939 323 2302 G000000%

. VELA P +Y 308.70 45.10 327 59403 327 8008a 00000005

. MKaz1 ~Y 345.88 —38.27 333 59273 333 69936 00000006
VELA PULSAR ¥ 128.70 —45.10 335 548041 335 64606 00000007
NGC4151 +Y 182.00 39.80 340 46299 340 57016 00000008

e 20922 . - - +¥ _140.50 —~31.70 -341.. 43746 341 ... 54326 e 00000009
SS CYGNI +Y 325418 43436 350 7446 350 19480 00000010
BLLAC -¥ 149.11 -42.13 355 63198 355 77620 00000011

-ICETI -¥Y 718 =208 356 60538 356 74972 GO000 012
ma7 ~¥  7eb61 —12.42 357 57849 357 72146 00000013

. mMBa7 +Y 18701 12.66 362 70454 362 82405 00000013
HZA3 +¥Y 278,30 —-23.22 363 67780 363 79667 00000015
4U0050~01 +Y 12.63 =—1.99 369 S7443 359 69262 00000016

—NGCIPBI e - e AP lw 28— I w5130 - 54601 370 - 66537 — - 80000817 -
3C279 -Y 13.40 5.52 374 61586 374 72268 00000018
UVCET I +Y 24,00 —18.22 375 58794 375 69562 00000019

— - CEN-X=3 " $Y 169, 76 =60.3% 378  S0758 378 62365 00000020
NOVA(3U0115+63) +Y 18.80 63.47 381 48368 381 59013 00000021

__CAS A +Y _350.30 58,55 382 51551 382 62161 00000022
CEN A~ +Y. 200.63 —42.78 384 46027 384 57959 00000023
GX301-2 +Y 185.92 —62.49 390 46198 390 58050 80000024

M B e ~ ¥ 19 0o Ol Al el 356 G4BDL 396 FOMUT— e e PODQOQPRE
GX30t-2 +Y 185.95 —€2.49 397 67661 397 82043 00000026
GX301-2 —Y 5495 62.49 398 70967 398 85217 00000027

RN R =¥ 2T 48 43:08 399 62223 399 76567 000GUU2E
4U0336+01 +Y 054.50 000253 402 59915 402 74126 00000029

.YYCHO . =Y 185.60 —63.88 403 57030 403 71372 . ...00000Q30
A 401 +¥Y 7 43,65 13.25 404 54247 404 68660 00000031
NGC 1275 +Y 49,15 41.35 405 51493 405 65779 00000032

B M@ o =¥ 223496 =13.31 410 - 3236 430 - -14582- ... 50000033
GX304-1 +Y 194.57 —61+37 411 61080 411 72960 00000034
TYCHO +Y  S5.60 63.88 412 64440 412 75074 00000035

- CTRX=1 *Y 229,20 =S56v99 413 67840 A13 79320 00000036
A1S40-53 +¥ 235,30 —53.40 416 59053 416 70814 00000037
NGC 1275 ~¥ 22Be72 — 41226 417 56294 417 67940 . ... 90000038 _
Alad9-81 +¥ 219.80 ~61.45 418 65262 418 75854 00000039
UX ARI +Y S50.88 28.54 419 S6490 419 73025 00000080

—HER - X=d - A #¥ 264.0l-- - 36-42. 420 53863 420 66842 59000041
HER X—1 +Y 254401 35.42 423 57297 423 67806 00000042
HER X—1 +Y 254,01 35.42 428 59237 424 70893 00000043
~3CT20 " - =Y PHTSSF =533 425 SB561 825 68090 0OUCUONS
MSH14—63 +Y 219.05 —61.21 426 53460 426 65337 00000045

__MK_S01 . TY. . Z3.31 —4l.83 427 52810 427 64744 ) PP 00000046
MK 501 -¥ 72,63 =39.90 427 S2810 427 64744 PP 00000047
HER X—1 +Y 254.01 35.42 430 48011 430 59819 00000048

e WUER XL e s e AV 254,01 -BSedd 4BL- -RTOT 431 16650 - e - 0QOQCORS
MXB 1728-34 +Y 262.20 ~33.80 432 66058 432 77199 00060050
MXB 1728-34 -¥ B2.20 33.80 433 68340 433 80176 00000051

—MXBTTT29 - 7 26220 =33<80 W3§ ~ 66299 43%  TT338 C0000052
MX8 1659-29 ~¥ 75475 2990 438 65986 438 77849 c0000053
MXB 1728—34 __ -Y 82.20 33,80 439 63071 439 83320 - 00000054
AU1626-67 Y 67«11 67463 440 66227 440 80461 00000055
4UDS1IT+17 +Y 80.00 17.60 444 66601 445 6348 00000056

,,,,, AULIOO-37- C* 25 Ae bl BB 445 - TIBOE 445 - BEGDE - e GDOOGOBT-
3C129 +Y¥Y 251.35 —44.95 446 57606 446 72109 PP 00000058
BACK GROUND +Y 250.95 —46.94 446 S7606 446 74109 PP 00000059

—RETOO=IT T < Y ASAG T =38 30487 - T21A3I 44T B4182 - — - - QOOVOTHO
CRAB{4UO531421) +Y B4.46 21.98 448 64806 489 1806 00000061
GX1#4 +Y 262.20 —~24.70 452 1802 452 18307 00000062
AMNER +Y 273.74 T49.85 452 50402 452 72007 PP 00000063
BACKGROUND +Y 274.49 43.87 452 50402 452 72007 PP 00000064

B2 e A Y 25O 657038 453 55806453 F7406 . - — . OOGGO065 —
H1743-32 +Y 265.60 —32.65 454 57816 454 75652 00000066
MXB 1730-32(BURSTER)+Y. 262.53 —~33.35 455 64806 455 71645 00000067

- FUPITER——— =¥ 268389 =23:36 457 TOG0¥ 458 —0I¢E8 — PP 00000068 -
JUPITER -Y 268.47 ~25.36 457 78604 458 03488 PP 00000069
3C390.3 o ~Y 101.55 —80.00 458 46322 458 59408 PP 00000070 _
TTTAULBAT+TS <Y 103.31 <“80.09 458 46322 458 S9308 PP 00000071
CG19S+4 +Y 100.00 17.50 459 49926 459 72248 PP 00000072

—CGLOE4l e e Y OB 00— 17250459  AD026 450 .-22248 . AP 0GGOOOTI —
LMCX—1 +Y 085.10 —69«8 461 42512 461 64800 PP 00000074
LMC x-3 +Y 084.70 —64.10 461 42512 as1 64800 PP 00000075

- ICI9OTI - © s I0Te S5 ~B0e00 465 < 46328 465 ST606 PP V0000075
aU1847+78 ~Y 98.31 —78.09 465 463238 465 57606 PP 00000077

__R2AL914-589 +Y 289,20 =58.82 466 31927 456 64808 PP 0Q000078

2A1914-589 +Y¥ 201.20 ~65.10 466 31927 466 64808 PP 00000079

TV o Ten \Sw o

s e ‘A




*&s& TSO FOREGROUND HARDCOPY *&k*

DSNAME=ZIBMENPOINT.LIST

—MKN3I3S - Y 180 . _20.50 553 . 72003 5548 32033
4U0009-33 +v 185 —344.02 516 36002 516 57606
NGC 4151 -¥ 235 =39.63 822 10446 522 32408

T 2A1T1I02+ 384 - - =Y~ T~ 24ID3 =TJ9:65 SIN 19905 S14% 36002
NGC 4151 -Y 235 ~39.63 526 10876 526 32348

__ NGC 4151 -Y  3.00 —-40.45 526 10876 526 32348
NGC 4151 -v 3.00 -80.485 5232 10846 522 32408
TYCHO *Y S 60 €3.88 584 28801 S84 61207

e TYCHO - e PR, AW 560 6388 412 654440 412 76074
GX301—-2 -y 5995 62449 398 T0967 398 85217
3C273 -Y 680 —2430 548 35882 5aA8 S7607

TAC2T3 o ~-Y Ge B0 =230 543 43586 S43 543807
3Cc273 -vY 65082 -2 +35 556 63002 557 2003
__3C273 ‘ -¥  TelB —2,08 356 60538 356 74972
MBT(VIRGD) -Y Te23 —12.58 531 72006 532 7202
MB7 -y Te+eH0 — 12,60 S39 45806 539 68402

—— M e e - R A e - B & B R i 57849 36877 72446
A B85S +Y G T8 —9463 547 16206 Sa7 55806
M31 +Y 10401 41 .00 568 54002 568 720602

AP0 0S0=01 " Y 12+63 =199 369 ST7T4%3 359 59262
3IC279 -Y 13.40 S«52 374 61586 374 72268

___GAMMA CAS +¥  13.41 60,40 584 8101 584  28B01
3Cc2719 -Y. 13,70 Se 65 559 57602 S60 3602
2A0054-015 +Y 13.73 —~1+53 558 S4901 559 12606

o Kt - - v o Y A el ~Ded T34 - 43202 T35 25209
COMA ~Y 14.70 —28.04 542 28806 542 63106
HOL106—15 *rY 1660 —15.68 550 1203 550 25322
ZATROB¥F32 - = YT 32 w3266 387 9003 337 308607
1308+32 -Y 1780 —32.50 540 46806 5S40 68106
LCEN A -Y 18.33 40.88 571 67923 §72 3609
NOVA(I0115+63) +*¥Y 18+ 80 65347 381 48368 381 S9013
A4U0 115+ &3 +Y 18.81 63,48 566 51602 5566 73202

i e D Hwm R R . +¥ . 18+83 7370 -502. 28806 502 50806
SMC X-1 +Y 18.83 — 7370 500 43206 500 64806
SHCX—1 +Y 19.20 —73.60 320 64338 320 76360
‘BACKGROUND =Y 1959 4%250 582 17522 582 61206
XGAL HOLE *Y 19,73 ~13.32 T3a 43202 735 25209

__2A0120—353 +Y 2023 —35.390 526 72006 527 7202
BACK GROND - 2058 4T 90 578 35522 S78 79208
CEN A -Y 21+48 43,08 399 62223 399 76567

SOSIE o - = N S — =¥ 2Rl 8 — B40e28 -578- 3686822 6718 T2208-

CEN A -Y 23«34 43.88 582 17522 582 61206

? 2334 43,88 589 18002 S89 31484
UVYCETT +Y 2400 —18.22 379 5879 375 699562
CEN A -Y 2% .32 46.22 S57% 67923 572 3609
NCGSS506 ~Y 32,99 3.07 572 68802 573 e
NGC 5%06 -Y 32.99 3.07 565 72602 556 9606
MKN 590 +Y 33.00 -1s200 564 57002 S64 78601

- N —854—- - - - - B e R e -2 R -1« I 54002564 - =
U0 223+31 +Y 35 .95 31.28 584 85502 585 22502
BACK GROUND +Y 36.,66 39.96 607 85922 608 34988

- 2A02%T+413 *Y §2:20 /T 38 S89 31484 589 S0408%
BACK CROUND +Y 42.7T0 40«16 607 21 602 607 51 3086

4444 NGC 1129 +Y 42.98 41,38 607 85922 608 34988
A 401 +Y. 43 65 1325 404 S4247 A04 68660
AUl 456422 -¥ 44.50 —-22.47 S75 28802 575 82807

e e . =Y e wHeDB 583 10802593 32402
N)QUF&INN# +Y 4791 —22.7T8 5565 49202 S565 72602
2A0316-443 +Y $9. 05 —44.31 561 45902 S5562 2706
SUOI LS+ EI{PERSEUS) +*Y $9: 11— 13T 607 21602607 51308
NGC 1275 +Y 49415 A1 435 /05 51 493 405 65779
3ULS16-56 -Y 49.20 56.399 608 72002 609 18002
LIR X-1 —-Y¥ 49+20 5699 738 54002 738 72090
CIR X—1 -¥ 49,78 5709 612 75602 613 27007

e X ART e . X . 50.88 _28+.54 $19— .. 56490 419 . . 73025 .
NGC 1365 +Y S52.85 —36.30 T38 79463 739 10806
2A0335-096 ¥ 53.83 9,63 593 79202 594 14402

- 2 AIEI~532 T #Y S8:80 =53 50 534 4806 S3% BEIFG
2A0343-536 +Y 55.82 —-53.63 551 79202 552 18002

__PKS 034914 +Y 57.30 —13.94 $68 14402 588 36002
X=-PER +Y: 58. 06 30.90 599 13924 599 36012
A2142 -Y 59e22 —2737 581 7202 S$81 S0406

A YT s cm M 6500661641588 2622 6586 37208 -
BACK GROND -Y 5078 —1693 585 79622 586 3r208
3Cr20 +Y 62.74 4,15 615 5S4 002 616 8
AFT8 *Y 62+81 10+39 602 39602 602 53106
3C111 +Y 653,75 3790 611 10323 611 43508

. BACKGRQUND. .. +Y 6381 31485 599 13924 5939 36012
AVRE2E6—-67 -5 656711 6T«63 440 65227 440 80461

]

--00000199 -
Q0000135
00000143
00000131
00000149
QQ000150
00000 144
00000246
00000036 - . e
00000027
000001388
000G0LTY
000600204
.00000012
00000160
00000172

PP

PP
PP

PP

PP

PP

PP

PP
PP

PR

00000186

00000224

00000016

00000018

00000245 .

00000209

00000208

00600469 - - - T e

00000177
00000191
00000205
00000174

00000111
000000062
o00002%3
000004868
09900151
00000237
00000028
00000236 - -
00000242
00000258

00600219
00000216

P00 B

00000247
000002688
00000256
00000286

OQOOONu@
00000213
00000285
00000032
00000289
00000476
00900296
- 00000040 - . e
00000 AZ7
00000263

00000166 o

00000195
00000254

00000272

00000241

00000250
00000300
0000027y
00000292
. Q0000273
00000055

...



HEAO 1
Extragalactic X-Ray Source Catalog

77-075A-02E

This data set has been restored. Originally there was

one 9-track, 1600 BPI tape written in ASCII. There is

one restored tape. The DR tape is a 3480 cartridge and
the DS tape is a 9-track, 6250 BPI tape. The tape was
created on a 3081 computer. The DR and DS numbers, along

with the corresponding D number and the time span follow.

DR# DS# DD# Files Time Span

DR03672 DS03672 D48693 1 09/05/77 - 09/11/78




REQ. AGENT RAND # ACQ. AGENT
DAD V0215 HKH

HEAC-1

EXTRAGALACTIC X~RAY SOURCE CATALOG

77-075A-02E

This data set contains one magnetic tape. It is 1600 BPI, 9 track,
written in ASCII, has 1 file and was created on the 3081, The time span

is not found on the tape but, is contained in the documentation.

o# ct TIME SPAN

D-46893 C-23462 9/05/77 -~ 9/11/78



ENCLOSURE 1

The tape is 9 track, 1600 bpi. It contains one file which is in
ASCII. The logical record size is 120 bytes. Each logical record

is an image of a line normally printed on a line printer. The physical
blocksize is 2400 bytes. The blocking format is FB.

T
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A COMPLETE X-RAY SAMPLE OF THE HIGH LATITUDE (|b|>20°)

SKY FROM HEAO-1 A-2: LOG N - LOG § AND LUMINOSITY FUNCTIONS

G. Piccinottil, R.F. Mushotzky, E.A. Boldt, $.S. Holt,

F.E. Marshall, P.J. Serlemitsos and R.A. Shafer2

Laboratory for High Energy Astrophysics
NASA/Goddard Space Flight Center

Greenbelt, Maryland 20771

ABSTRACT

The HEAO-1 experiment A-2 has performed a complete X-ray survey of the
8.2 steradians of the sky at |b| > 20° down to a limiting sensitivity of < 3.1
x 10”1 ergs/cm2 sec in the 2-10 keV band. Of the 85 detected sources
(excluding the LMC and SMC sources) 17 have been identified with galactic
objects, 61 have been identified with extragalactic objects and 7 remain
unidentified. The log N - log S relation for the non—ga;actic objects is well
fit by the Buclidean relationship. We have used the X-ray specira of these
objects to construct log N - log S in physical units. The complete sample of
identified sources has been used to construct X-ray luminosity functions,
using the absolute maximum likelihood method, for clusters of galaxies and

active galactic nuciei.

Keywords: X-Ray Sources, Luminosity Function, Cosmic X=-Ray Background
1NAS/NRC Research Associate

2Also Dept. Physics & Astronomy, Univ. of Maryland




I. INTRODUCTION

The HEAO-1 satellite experiment A-2 (Rothschild et al. 1979) with its
extended energy range, complete sky coverage, low and stable internal
background and moderate spatial resolution has enabled us to create a complete
catalog of X-ray sources at galactic latitudes Ib] > 20° down to a limiting
sensitivity of 3.1 x 10~ ergs/cm2 sec in the 2-10 keV band. Recent
identifications of these sources by modulation collimator experiments on
HEAC-1 and SAS-3 as well as imaging detectors on HEAO-2 has resulted in
certain identifications of all sources of flux 2 4.0 x i~ ergs/cm2 sec,
pending confirmation of two clusters and NGC 7172, and reasonable
identifications for 78 out of the 85 {92%) sources in the sampie. All but 9
of these identifications are extremely likely or certain. This identification
ratio for the extragalactic sources compares to identification of 45 out of 67
(67%) sources in the sample of Warwick and Pye (1979).

The completeness of this sample enables construction of the
number-intensity distributcion {log N - log 8) for X-ray sources as well as
developing X-ray luminosity functions for clusters of galaxies and active
galactic nuclei. In addition the body of X-ray spectral data returned by A-2
allows us to cast the log N - log § distribution in absolute rather then
instrument dependent units which enabies comparison with the log N - log S
reiation in different X-ray energy bands (cf. Giacconi et ai. 1979).

Analysis of this data shows that the source counts are well fit by a

"Euclidean" law with

5/2 -1

- =1
= 16.5 8§ (R15 cts/sec) sr

&ig

consistent with previous results despite the quite different samples (Warwick




and Pye 1978; Schwartz 1979). The luminosity functions are well fit by power
law representations with

10-7 -2.15 44 -1 -3

<
= 3.5 L4a (10 erg/sec} Mpc

&i%

44

for clusters of galaxies, and

dN < -7 =2.75 44 -1 =3
T - 2.7 x 10 L 4, (10 erg/sec)  Mpc

44
for active galactic nuclei, gimilar to previous results (McKee et al. 1980;
Pye and Warwick 1979). Integration of the luminosity functions over
the < 10425 1045 erg/sec range within which they are well determined
results in estimates of the contribution of clusters and active galactic
nuclei to the integral 2-10 keV unresolved X-ray background of < 4% for
clusters and < 20% for active galaxies. Using these luminosity functions,
with no evoiution, we estimate that € 30% of the sources seen in the Einstein
Observatory deep survey (Giacconi et al. 1979) shouid be relatively low
luminosity (L € 1 x 1044 erg/sec) nearby (z § 0.5) objects.
II. DATA BANALYSIS AND SOURCE SELECTION

The HEAO-1 A-2 experiment, described in detail by Rothschild et al.
(1979), provided two independent, low background, high sensitivity surveys of
the entire sky six months apart. We have analyzed the A-2 data in order to
obtain a complete flux limited sample of extragalactic X-ray sources. The
region between -20° and +20° in galactic latitude has been excluded to
minimize contamination from galactic sources. A circle of 6 degrees radius
around the IMC sources has been also excluded to prevent confusion problems.

Therefore, we remain with 65.5% of the sky (8.23 ster). The statistical



significance of the existence of the sources is tested by determining the
decrease in xz when the new source is added to the model. All sources in the
sample give a decrease in XZ of at least 30. The probability of having, by
chance, a decrease of 30 in X2 with two degreeé of freedom (scan angle and
intensity) is 3 x 10~7, This probability is almost the same as the one
associated with a deviation of 5¢ in a Gaussian distribution (6 x 10'7).
Therefore, we can also stace that the lowest statistical significance for the
exigtence of the sources inciuded in our sample is 50, as required by the
maximum likelihood methods we use to determine the log N - log S parameters
(see Section IV-1). Taking into account this statistical significance
regquirement we estimated the completeness ievel of the first and the second
scan as 1.25 and 1.8 RIS counts/sec respectively, see Figure 1. One Rl5
count/sec < 2.17 erg em~2 sec™! in the 2-10 kgv energy band for a power law
spectrum with photon index 1.65. R15 is a counting rate derived using the
1.5° x 3° FWHM fields of view of the second layer of the argon counter and
both layers of a xenon counter. This combination has a FWHM for the gquantum
efficiency from < 3 to & 17 keV {Marshall et al. 1979).

The second pass is less sensitive on average, because much more time was
spent in pointing at sources. We shall be more concerned with the first pass
data in deriving best fit parameters and use the second pass ones mostly as an
independent confirmation.

ITII. CBSERVATIONS
A. The Sample

Table 1 contains all the relevant data for the 68 sources either

brighter than 1.25 R15 ¢/g in the first scan which corresponds to days 248-437

of 1977, or brighter than 1.8 in the second scan, days 73-254 of 1978. Source

nameg are listed in coiumn 1. Column 2 contains previous catalog names.




First pass fluxes and 1g errors are in column 3, while the second pass ones
are in column 4. Some fluxes may differ siightly from previocusly reported
results, as different procedures have been used; e.g., in the recent paper by
McKee et al. (1980) fluxes have been obtained fixing the X-ray position at the
optical position, instead here we have used the best fit X-ray position to
derive the filux. available identifications are listed in column 5. The type
of object is in column 6. One * in column 7 indicates firm identifications
(i.e. as provided by the SAS-3 or HEAO-1 modulation colliimators or by the
Einstein X-ray telescope), two * indicates possible identification consistent
with larger error boxes. Redshift values and references are given in column
8. Spectral information is now available for more than half of our sources
{Mushotzky et al. i980; Worrall et al. 1980; Mushotzky 1979; Holt 1980; Boldt
1980}, we quote in column 9 conversion factors between R15 counts/s and ergs
cm™2 s~1, When spectral information is lacking we assumed a 6 kev thermal

bremsstrahlung spectrum for ail sources identified with clusters and a 1.65

photon index power law for ail sources identified with active galaxies. Aan

2 1

average conversion factor value of 2.5 x jg~ 1! ergs cm 5-1/R15 counts s~

was assumed for the few unidentified sources. Columns 10 and 11 contain the

first and second pass luminosities in units of 1044 erg s~1

calculated for H,
= 50 km/s/Mpc and 95 = 0.5. Column 12 contains notes.
B. Classes of Sources

Sixty of the 82 sources brighter than 1.25 counts g1 in the first scan
and not definitely associated with galactic objects have been associated with
extragalactic objects. Only 7 remain unidentified at the present time. These
60 identified sources subdivide almost equaily between clusters of galaxies

(30) and single galaxies (30). Most of the 30 galaxies are Seyfert galaxies

of class 1 or 2, but we have also 1 QSO (3C 273), 4 BL Lac objects, and 1




"normal" galaxy (NGC 7172). Note that M31 and the Magellanic Cloud sources
are not included in our extragalatic sample because they represent a local
inhomogeneity as part of the local group of galaxies. Table 2 lists the 17
high galactic latitude sources not inciluded in our extragalactic sample
because they have been identified with galactic or "local" objects. The
second pass sample contains only 37 sources brighter than 1.8 RI5 counts/sec,
all but one identified. The source classification is consistent with the
first pass. Assuming Poisson errors, clusters contribute 50 t 9% of the
identified sources in the first pass and 61 + 13% in the second. Galaxies
contribute 50 t 9% in the first scan and 39 + 10% in the second.

c. New Sources and Sample Completeness

H0328+025 and H0917-075 are the only entirely new sources in Table 1.
Figure 2 shows their error boxes. All the other sources in Table 1 have been
listed somewhere else before. The improvement in our sample, as compared to
previously reported ones, is due to a better rejection of non-extragalactic
sources, made possibie by the recent identifications, and to a uniform sky
coverage to a relatively low limiting flux.

As the instrument has a fairly large (1.5° x 3.09) angular resclution
the possibility of source confusion must be considered. The total area of the
sky included in this survey is approximately 2.7 x 104 square degrees,
therefore there are about 6 x 10° independent positions on it. As the high
galactic latitude X-ray sources bright enough to give confusion problems at
our sensitivity level cannot be more than a hundred using the log N-log S
relation derived later (taking into account also the possibility that two
weaker sources can simulate a source bright enough to be included in our list)
we therefore expect negligible confusion. That is using-%% < 16.5 ™15 there

are roughly 65 resolution elements per source, of S > 1.25 cts, well above the

[ ]



confusion level of 25 beam areas per source often quoted in the literature.
In addition the uniform sky coverage at the chosen sensitivity levels provided
by this experiment and the availability of two independent sets of data for
cross-checking purposes support our confidence in the completeness of our
sample.
D. Space Distribution of Sources

Since the pioneering work of DeVaucouleurs (1958) much attention has
been devoted to finding evidence of a supercluster centered in the Virgo
cluster of galaxies. We plotted the posltions of our sources in supergalactic
coordinates looking for some kind of anisotropy. Figure 3 shows the 1st pass
sample. Obviously, no anisotropy is observed as most sources lie beyond the
supercluster. If we restrict our attention to the 12 sources with redshifts
less than .01 (in boxes in Figure 3), we see that 9 are in the center region
of the superciuster while 3 are in the anticenter and that all but one have
supergalactic latitude less than 30 degrees in absolute value This result,
which is significant at the few percent level, suggests that close X-ray
galaxies may lie preferentially in the supergalactic plane. But no conclusion
can safely be made from such a small number of objects at present.

1V. THE NUMBER-FLUX FUNCTION
The usual power law form

- -] =
N(S) = KS @ {R15 counts/sec) sr ! {1)

has been assumed for the number—flux relation. The various methods applied to
estimate the coefficient X and the differential exponent o as well as to
evaluate the goodness of the fit are outlined in the next section.

h. statistical Methods




1. Maximum Likelihood

crawford, Jauncey and Murdoch applied the maximum likelihood method
to unbinned data in order to estimate the slope of the number-flux relation of
radio sources. In the first paper (Crawford et al. (1970) a solution is
worked out for error free data. In the second paper (Murdoch et al. 1973) the
method is extended to include errors on the measured fluxes. Numerical
corrections to the error free answers were calculaﬁed for the special case of
Gaussian distributed errors. In the same paper it was pointed out that a
minimum signal-to-noise ratio of five is required so that the uncertainty in
the correction factor due to weaker sources does not dominate the correction
jtself. This is why we exciuded from our sample sources with statistical
significance less than 5¢. In both Papers 1 and II the Kolmogorov-Smirnov
test (here after: X=-5 test) was suggested to evaluate the goodness of the fit
obtained. In the remainder of this paper we will refer to this method as to
the Maximum Likelihood (ML) method.

2. Absolute Maximum Likelihood

The ML method assumes the same underlying error distribution for

all the souces in the sample, i.e. it assigns the same 1o error to all the
sources. As we deal with sources of greater than 5¢ significance the error
assumed is one fifth of the minimum flux in the sample, or .25 R15 counts s”1
in the first scan and .36 RL5 counts s_1 in the second. Tabie 1 shows that
these values are not very far from the actual errors. However Lightman et al.
(1980) have developed a refinement of the ML method in connection with the K-8
test capable of handiing sources with their own experimental error. Following
those authors we will call this new statistical method the “"Absciute Maximum
Likelihood" (AML) method. Lightman et al. {(1980) worked out the AML method on

general grounds and then applied it to the evaluation of globular cluster




X-ray source masses. As this is the first application of the AML method to
tﬁe number flux function, we give a short outline of the method below.
Assuming the form (1) for the number-filux relation and a Gaussian

form p(Fi,oi,s) for the error distribution of the measured fluxes we evaluated

[
numerically the integral probabilities Pi (a) as

Fi w
g: ar £ ds N{S,a) D(F:Uj_rs)
By - —2n_ e @)
£ ar £ ds N(s,a) Q(F,ci,S)
min co

where S is the true flux, Fi and Ui are the measured flux and error of the
i~th source. Fuo is a cutoff value used to avoid the apparent divergence at F
= 0. As in Murdoch et al. {i973) the particular choice of the cutoff value
‘does not affect the value of the integral as long as the statistical
significance of the sources is at least 5g. Fhin 18 the sensitivity Ilimit
of the sample. For every assumed o we computed the ;i(a) for all the

<
sources. The Pi(a) should be uniformly distributed between 0 and 1.

Following Lightman et al. we evaiuated the maximum deviation from the uniform

distribution:

< i
D __(a) = max [D.(a)] =max (]P {a) - = |) (3)
max i=l,N i=1,N * N
A
where N is the number of sources in the sampie and the Pi(a) have been sorted
in ascending order. Then we calcuiate the probability P(DMAX {a)) of
obgserving deviations greater than Dyax{a) from the formula for the K-S
statistic given by Birnbaum and Tingey (1951). The (a,P(Dma (a)) function is
X

then plotted. The best fit value of a is the one corresponding to the maximum

[T
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val distribution. Obviously P must be greater
ue Py,y of the P(Dmax(a)) ribut usly Pyay g

than some minimum value (say 10%) in order to accept the model. The range
in o for results given below on & are evaluated from the values a

1

and a_ of o, which reduce P(D

s max(a)) to PMAX/z'

3.Chi-square
Both the ML and the AML methods are independent of the
coefficient ¢ of the number-flux relation, as k is lost in normalizing the
probabhilities. Therefore, we used the x2 method to determine . Bins with
equal expected number of sources for a = 2.5 have been used for
the XZ calculations. Of course, in calculating confidence bounds, we have
assumed that the functional form of the distribution is the "true" one. If
better data later shows that this is not true our confidence values are not
applicable.
V. LOG N - LOG S RESULTS

The ML method applied to the 60 non-galactic sources brighter than 1i.25

1

Ri5 counts s~ | in the first pass glves (in this section we use RL5 counts s

as the unit)
a = 2.67 £ .23
with a goodness of fit probability (evaluated using the KS test) of 39.5
percent.
For the 37 non-galactic sources brighter than 1.8 R15 counts s1 in the

second pass the ML result is

a = 2-74 1+ -32
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with a probability of 17.5 percent.

The AML resuits are
a= 2.63 £ .2
in the first pass, see Figqure 4a, and
a=2.74 £ .22
in the second, see Figure 4b.
The 68 and 95 percent probability contours for the lst pass values of k

2 .
and a evaluated with the x2 method are plotted in Figure 4¢ The yx~ best fit

values and 10 errors for the number-flux function parameters are

"010
a = 2072 +.15 (4)
-2.6 a=1 -1
K = 20+4.0 {R15 counts/sec) sr .

The differential number-flux data as well as the best fit function

N(S) = 20 g72:72 (RiS counts/sec)” 1 sr]

are plotted in Figure 5; the X2 value of the fit is 2.79 for 6 degrees of
freedom, corresponding to a probability P({ > x2) % 83%. The limited size of
the second scan sample does not allow a good estimate of the probability but
tﬁe results are consistent with the first pass ones.

C. Number Fiux Relatlon in Physical Units

Using the conversions factors listed in column (9) of Table 1 we can
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express the fluxes in ergs em~2 s~ and evaluate the number-flux relation

accordingly. Conversion factors range approximately from 2.0 x 10'11 to 2.9 x

-1 .
10~ ergs cm™2 a1 (RI5 counts g~1) v the highest values referring to soft

spectra sources whose emission peak iles below our instrument energy window.
As a consequence of the different conversions factors the completeness level
of the samples when fiuxes are in ergs em? 577 is equal to the former
completeness level in R15 counts 5-1 times the maximum conversion factor:
that is < 3.6 x 10”1! ergs em~2 s°1 for the first pass and 5.2 x 1011
ergs/cm? sec in the second pass. The lst scan sample with this flux
restriction contains 51 sources: 25 clusters, 22 "galaxies"™ and 4

unidentified sources. The best fit values and 1 ¢ errors for the number-fiux

function parameters obtained with the three methods agree with

2.85 £ .3

o
)

-1. -19 -2 -1 a-1_ -1 5
K S (5.65+1 g) x 10 ! {ergs cm s )G lsr (3)

The 32 second scan sources brighter than 5.2 x -1 ergs em2 571 give us a

best fit of slightly steeper slope a € 3.1 t ode
VI. DISCUSSIOﬁ OF THE RESULTS
All the first pass samples, whether fluxes are expressed in R15 counts
s~V or in ergs cm2 s~ are consistent with the five halves Euclidean slope
(see Figures 6 and 7). The slight preference for a steeper than Eucledian
slope is due to the distribution of the brightest few sources in calculating
the likelihood functions. It is these sources that are most gengitive to

changes in a by virtue of the relatively small statistical error in their

measured intensity. Our Euclidean best fit for the lst pass data is
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3
2

-2.5 -1 -1
S 2 (R15 counts/s) sr

+
N(S) = 16-5_
with a x2 of 5.5 for 7 degrees of freedom; p(x2 > 5.5) % 60%. The AML
probability for a= 2.5 is 42.4%. Assuming an average conversion factor of 2.4
x 101 ergs cm 2g”1 (R15 counts s)~' the relation (4) becomes

»35 =15 =2.5 =2 -1 =1 -1

+
N{8) £ (1.9 _ 25) x 10 S (ergs cm "s '}  sr

in agreement with the exact result

15 =~2.5 2 -1 ~1 =1

+l - -
N{(s) < (2.2_ Z) X 10 s (ergs ecm "s )  sr

obtained from the lst pass complete sample for fluxes in ergs cm 25~ 1 and
using the convgrsion factorg in Table 1.
VII. COMPARISCN WITH PREVIOUS EXPERIMENTS
Both the Uhuru (Schwartz 1979) and Ariel 5 data (Warwick and Pye 1978)
gave a flux-number function consistent with the Euclidean model. Their best

fit values for the coefficient ¥ with a = 2.5 and S in R15 counts 3_1 are

respectively

K = 16.5 t 3.9 using 1 Uhuru ct/s = 1.0 RL5 ct/sec
and

K = 15.8 1 4.2 using 1 Ariel-5 ct/sec = 2.12 R15 ct/sec

in agreement with our results at the 10 level. These conversion factors

assume a mean R15 conversion factor of 2.4 x 10'11 ergs/sec, 1 Uhuru ct/sec =
2.4 x 10”1 erg/sec, and 1 Ariel-5 count/sec = 5.1 x 1011 erg/sec. If we use
the caiibration of Marshalli et ai. (1979} appropriate for the active galaxies

of 1 R15 ct/sec = 2.17 x 10~} erg/cm2 sec, we find KDhury - 20 and
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Kariej=§ < 19+ The best fit slope of Warwick and Pye of 2.7 t .2 is also
consistent with our result.
VIII. LUMINOSITY FUNCTION

A, Method and Data Base

Many authors (Schwartz 1978; McHardy 1978; McKee et al. 1980; Eivis et
al. 1977; Pye and Warwick 1979; Tananbaum et al. 1978; Boldt 1980) have
recently considered the problem of evaiuating the X-ray luminosity functions
for different classes of sources principally, clusters of galaxies and active
galaxies. All of them with the exception of Pye and Warwick had to rely upon
optical data to select complete sampies. We present here X-ray luminosity
functions evaiuated from X-ray flux limited samples. As we remain with a few
unidentified sources, our results have some uncertainty, but we believe that
the residual incompleteness should not be very important.
1. The Samples

The first pass sample of clusters of galaxies contains 30 objects. The
second pass one includes 22 sources. Thirty "galaxies" are observed in the
first pass, but we exclude from our sample the QSO 3C273, the 4 BL Lac
objects, the peculiar galaxy M82 and the "normal" galaxy NGC 7172 as they are
not homogeneous with the bulk of the sample which congists of Seyfert
galaxies. Therefore we remain with 23 active galactic nuclei. The second
pass sample contains only 12 objects (after excluding 3C 273 and PKS
2155-304).

The completeness of the sample is checked using the Schmidt <V/VM > test
and with a K-S test on the distribution of the Vi/VMi as suggested by Avni and

Bahcall (1980). The results are listed in Table 3.

TABLE 3
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# _OBJECTS K-S TEST
CLASS OF OBJECTS SCAN # IN SAMPLE <V > P({>d) %
Ciusters of Galaxles 1 30 +4711.054 18.1
Clusters of Galaxies 2 22 +552%.062 11.8
Active Galaxies 1 24 .523£.059 50¢.4
Active Galaxies 2 i2 +557£.083 56.8

The 1g error quoted for <V/VM> is the formal error 1/Y12N, where N is the
number of objects in the sample (see Avni and Bahcall). All the 4 samples
meet the requirements of the tests. However, we expect a smail degree of
incompieteness due to the unidentified sources.
2. Methods of Analysis

of the three methods outlines in Sec (IV-A) only the AML is suited for
the determination of the luminosity function parameters. The relatively small
sizes of the samples do not allow an efficient use of the x2 square method or
of any other binned method. Moreover the ML method in the form developed by
Crawford, Jauncy and Murdoch cannot be used because of its assumptions of a
single underlying error distribution. This last hypothesis was reasonably
satisfied by the flux data in the evaluation of the log N log S parameters, as
we already pointed out, but is not satisfied at all by the luminosity data, as

the errors are proportional to the square of the redshift of the sources:
. = z G {(6)
On the contrary the AML method is well suited for the task. The description

of Section IV-A still applies. However, instead of calculating the

probabilities of eq {2) we evaluated the probabilities:
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L

max
Li J' -
< L ar’ L 4L £(L,q) V. (i) p(L,op + L )
Pi(q) = i (7)

rl

L
@ “ Tmax
[Cav [ 7@ £n,@ Vo, (LeFpy) (Lo o L )
min 1

Eq. (7) gives the integral normalized probabilities of observing a source with
measured luminosity less or equal to Ly« assuming a Gaussian error
distribution with standard deviation OL‘, and for the differencial luminosity
function the form f(L,q) where L is theltrue luminosity and g represents the
functional parameters to be determined. L, , and Ly, are the lower and upper
boundaries of the luminosity function. Vi« is the maximum voliume at which
one could detect the source and depends on the sensitivity limit of the
gsample. For a source of iuminosity L in a sample of minimum sensitivity Fyy
the maximum visibility volume Vy,y is proportional to

(/375;1;73 Note that Eq. (7) does not take in account errors on the redshift
z. The AMI, method can determine the form of the luminosity function but not
its absolute value. Therefore we have used a least squares fit to the
unbinned data to evaluate the multipiicative coeffieient.
B. Results
1. Cclusters of Galaxies Luminosity Function

We considered two different forms for the luminosity function: the

power law form
£(L) = XL

and the exponential form
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£(L) = Ke-L/Lo

between the minimum (L44min) and maximum (Lggapmax! observed luminosities,
expressed in units of 1044 ergs sec™'. The normalization for a power law
luminosity function scales as Ho'1.
Clusters of Galaxies

Figure 9 represents the AML probabilities for the siope of the cluster
of galaxies power law luminosity function. The 1st pass best fit values for

the power law parameters are

+.12
"'017
-3

-7 s -1
(3.5 % 1.1) x 10 (10" erg/s)’ " mpc .

Y = 2.15

~
Il

K has been evaluated with the ieast squares method. The error on X has been
determined by letting Yy assume the 10 extreme vaiues of 2.03 and 2.32. Figure
8a gives a binned representation of the data with the best fit luminosity
function. Each bin contains three sources, except for the highest luminosity

bin which contains five. The second pass results are

+.16
Y=2.13_" )

-7 44 -1 -3
(3.8 + 2) x 10 (10 ergs/s)Y Mpc

K
Figure 8b give the binned representation. The minimum iluminosity object in
both the lst and the 2nd pass at 2.4 x 1043 (ergs/s) is the Virgo cluster.
The highest luminosity cluster is Abeli 2142 with 2.8 x 1045 (ergs/s).

The exponential form of the luminosity function has also been

considered, but the quality of the fit is poorer, see Fiqure 10.
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As the Virgo Cluster of galaxies has a "jocal" character, we evaluated
the cluster of galaxies luminosity function without the Virgo cluster. The
lst pass sample is reduced to 29 sgources, the mean V/VMAX is 0.486 + 0.055 and
the K-& text on the uniformity of the V/VMAX distribution gives a probability
of 24.7%. The 2nd pass sample contains 21 sources, the mean V/Vypy is 0.576 ¢
.063 and the K-S probability is 6.1%. Figure 9 gives the
usual (Y,P(Y)) probability curves for the power law siope. The best fit

values for the parameters are

1st scan = 2.03 & .18
+1. -7 - -
= (2_l g) x 10 {1044 ergs/s)Y ! Mpc 3
2nd scan Y= 20 a5

-7 44 Y
(3.2 £ 2) x 10 {i0  ergs/s) Mpc

-
]

The minimum luminosity is now < 3.6 x 1043 ergs/s (Abell 1060) in both firsc
and second scan. The exponential fit is again poorer, see Figure 10.
2. Active Galaxles
i. Luminosity Function
The insert in Figure 11 represents the AML probability for the power
law slope of the active.galaxies differential luminosity function calculated

from the ist pass data. The best fit values for the power law parameters are:

2.75 £ .15

-
[

-7 44 -1 -3
(2.7 t .15} x 10 (10 ergs/s)Y Mpc

NGC 3227 is the weakest source in. the sample with 1.75 x 1042 ergs/s and
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IITZw2 is the brightest with 1.3 x 104% ergs/s. Figure 11 shows the binned
representation (3 sources/bin). This resuit is similar to that of Boldt
(1980) and Pye and Warwick (1979). The exponential form for the luminosity
function is not acceptable as the probabilities are always less than 2%.

The second pass sample is too small for a good determination of the
luminosity function, however we find power law slopes steeper but consistent
with the first pass ones

ii. A Lower Limit to the Active Galaxy Luminosity Function

The active galaxies contribution to the cosmic X-ray background
depends strongly on the lower luminogity limit of the luminosity function.
The lower luminosity iimit for which the function can represent the data,
LygamIne ©an be calculated by noting that the iuminosity function must be
consistent with the log N - log S observations. Namely, we can set a
iower iimit on L,,yyy bY requiring that the number of active galaxies brighter
than 1.25 R15 counts/sec expected from the luminosity function does not exceed
the observed number pius 1 or 2 times the square root of the expected number.

From eq (14.7.35) of Weinberg (1972), and assuming a power law

luminosity function we have (for Y # 2.5 and Y # 3)

L
No8) = i w T A Rt Y 2 (@
all MIN Chrw

where: S is the flux in ergs cm'zs-1

K and Y are the parameters of the differential power law luminosity

function in Mpe™> (erg/sec)'(yﬂl)

Luax and Lyqy are the upper and lower limit of the iuminosity function

(actually N(>S) depends strongly on Lyry and very weakly on LMAX)
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all the luminosities are in ergs/s

0—75

R

A 3.20 x 1

R

B =4.7 x 10729 (assuming Hy = 50 ¥m/s/Mpc)

N(>S) is the total number of sources in the sky uncorrected
for sky coverage. The second term of this equataion represents a first order
(1)

cosmological correction to the Eucledian result.

--'ollli.olno-oto--c-co-c-------n.con.oncolc-u-o...louan--oo-n-oecu--oncloal--

(1) Footnote:

For L in units of 1044 erg/sec equation (8) has constants

A=3.2 x 1077

B =2.3x 10”7 (HO/SO) (1+T) where T is the spectral index of the source (here
chosen to be .7)

Assuming an average conversion factor of 2.17 x 10~ ergs cm~ 25~ per R15
counts s~1 we find that the 10 lower limit on Lypy is 4 x 1042 when Y is 2.75
and X is 2.68 x 10-7 (1024 t-zrqs;/s'.)"1 Mpc-3 and Lyay varies between 5 and 15 x
1044 ergs/sec.

In Table 4 we show the 1 and 2¢ limits on Ly;y as a function of Lypx
and Y. We note that we have not included in Table 4 the possibility that all
(or some) of the unidentified sources could be Seyfert galaxies. However,
considering the distribution of jdentified sources with fiux < 3 R15 cts/sec,
we would expect, at most, 3 of these unidentified objects to be active
galaxies.

TABLE 4

APPROXIMATE Ly1n FOR VALUES OF Lypy AND Y

045 Lyag = 3 X 1043

LMAX = 1.5 x 1
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Y Y
2.6 2.75 2.9 2.6 2.75 2.9
10 1 5x1042  2.5x10%2  4.5x1i0%2 1.5x10%2  3.0x10%2  4.5x1042
20 4,5x1041 1.5x10%42  2.5x1042 5.5x1041 1.5x1042  3,0x1042
C. Discussion

1. Clusters of Galaxies

We note that our iuminosity function for clusters of galaxies is
very similar to the resuit of McKee et al. (1980). This indicates that,
whatever selection effects are operating in making a X-ray or optically
complete sample, they do not strongly bias the result. However there is a
strong overlap in the individual objects between this sample and McKee's. The
method we have used has allowed us in principle to discriminate between
exponential and power law luminosity functions for clusters. It is somewhat
7surprising that a power law is favored, since it requires a change in form at
low luminosities in order not to exceed the space density of all clusters
(Bahcail 1979). However, the contribution of clusters to the diffuse X-ray
background (DXRB) depends only weakly on the liower 1imit chosen. We do remind
the reader that an exponential form is not excluded. Our data are not capable
of rejecting the exponential form. They are also not capable of determining
well the three constants in Bahcall's (1979) suggested form of the luminosity
function.

Keeping in mind that the mean X-ray spectrum of clusters differs
significantly from the diffuse X-ray background we shall, for historical
reagons, compare the 2-10 keV volume emissivity of clusters to that of the
diffuse X-ray background. For g, = 1/2, Hy = 50 km/sec/Mpc the 2-10 keV

background has a volume emissivity of < 2.4 x 1039 erg/sec/Mpc3. The

—r
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contribution of clusters is

I"MIN
I

Puax

< 38 3
f{L) LdAL = 1 x 10 ergs/sec/Mpc

5 ergs/sec, Lyy = 1 % 1043 ergs/sec, where we have used

(for Ly,y = 3 X 104
the lst pass cluster power law iuminosity function without the Virgo
cluster). Therefore, in an average sense, clusters contribute < 4% of the
2-10 keV background. (For a more accurate treatment of the problem which
includes the effect of the spectral differences of clusters from the
background see McKee et al. 1980 and Marshall et al. 1980). We note that the
present value agrees well with the estimate made by Marshall et al. (1980) of
the maximum possible contribution of clusters if they were not to distort the
thermal bremsstrahlung fit to the spectrum of the DXRB in the 3-50 keV band.
We note that the relatively soft spectra of clusters should result in an
increase in their contribution to tﬁe DXRB in the Einstein Observatory energy
range.
2. Active Galaxies

The luminosity function derived here is in reasonable agreement
with those derived previously by Pye and warwick {1979) and Boldt (1980) in
both slope and normalization. Using a lower bound of 3.0 X 1042 ergs/sec and
a upper bound of 1.5 x 1045 erg/sec for our iuminosity function results in a
volume emissivity of < 4.9 x 1038 ergs/sec Mpc3 or a contribution of ¢ 20% to
the 2-10 keV DXRB. If the lower limit is 1.2 X 1042 (see Table 4) the
contribution to the DXRB is < 40%. 1In fact, in order not to exceed the DXRB
the luminosity function of AGN's must fiatten at L » 3 X 1041 ergs/sec (De

Zotti 1980). There is a strong indication of such a flattening in the optical

iuminosity function (Huchra and Sargent 1973; Huchra 1977; Huchra 1980) at
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M, < - 21.5 (H, =50) equivaient to a optical bolometric luminosity of < 1.2 x
1044 ergs/sec. Since the slope of the optical luminosity function, at higher
luminosities, is the same, within errors, (Huchra and Sargent 1973; Weedman
1979) as the X-ray function it is tempting to associate the bend in the
optical iuminosity function with the bend in the X-ray function and therefore
derive a Lopt/Lx € 35. This value is rather larger than that found by examing
individual objects (Kriss et al. 1980; Elvis et al 1978). This may be due to
the fact that most of the optical flux from low luminosity active galaxies
does not come from the nucieus but from the steliar population.

The total space density of X-ray emitting active galaxies in the
luminosity range 3 x 1042 -~ i.5 x 1045 is < 7 x 1075 Mpc™3 which is < 1.5% of
all galaxies of Mp < =19 (Huchra 1977). This compares to a space density of
active galaxies of My < =19 of ¢ 5 x 1073 Mpc-3 (Huchra 1977, 1980). It thus
seems, to first order, that ail active galaxies of MP < =19 emit X-rays at L,
>3 x 1042 ergs/sec. For a flat universe there are (assuming no
evolution) < 4 x 107 X-ray emitting active galaxies with L.>3x 1042 with zé

3.5.

We can also estimate, the number of sources per square degree expected
in the Einstein deep survey if the luminosity function uged in this paper does
not evolve strongly in either slope or norm and that spectral effects, such as
low energy absorption, are not important. With 9y = 5 Ly, =3 X 1042 in

the 2-10 keV band and, S in = 5 X% 10714 ergs/cm?sec in the 2-10 keV band,

mi
(which corresponds to the Einstein "deep survey” limit for a o = 0.7 source we
predict € 6 active galaxies per square degree and < 1.3 clusters per sgquare
degree, compared to the 19 + 8 total sources per square degree seen by the

Einstein Observatory (Giacconi et al. 1979). DeZotrti (1980) has performed a

similar calculation and finds < 5 active galaxies per square degree for Lj; =
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9.1 x 1041 and L. = 2.9 x 1044 ergs/sec in the 2-6 keV band and assuming
that the slope of the luminosity function ig 2.5. Since most of the objects
are near Lg;, we would expect many of the Einstein survey objects to be
seyfert galaxies of L ¢ 5 x 1042 erg/sec and z € .,20. This is a consequence
of the well known fact that if the luminosity function is steeper than 2.5,
and barring strong evolution, when one looks at fainter objects one is looking
primarily lower in the luminosity function rather than at higher redshift
objects.
A simple way to look at the probiem is to examine the number of objects

predicted by our best fit luminosity function which wouid have redshifts
{z} ¢ 0.5 and would have iuminosities high enough to have been included in the
Finstein Deep Survey. (We shall use g, = .5 or 0 geometry for simplicity).
For Spin = 5 x 10714 ergs/cm2 gsec in the 2-10 keVv band and q, = .5 that we
predict < 1.4 x 104 gources/ster due to active galaxies and < 1.4 x103
sources/ster due to clusters compared to the 6.312.6 X 104 sources/ster seen
in the deep survey (Giacconi et al. 1979). We therefore predict that © 25%:13

of the sources in the deep survey are low (L § 4 X 1043) ciose by (z $ «5)

1043 erg/sec.

active galaxies or clusters of galaxies of luminosity > 1 x
That this was a likely situation was noted by Fabian and Rees (1978). (If g,
= 0 the number of sources increases to < 2.1 X 104 sources/ster and the
calculated contribution to the Einstein source counts to 35t§1%)'

Both the contribution of active galaxies to the DXRB and their
contribution to the Einstein source counts depend gsensitively on the lower
limit, Lys,e of the luminosity function used. It is possible that the
luminosity where the flattening of the luminosity function takes place could

be higher than our calcuated value if we allow a two slope modei of the

iuminosity function rather than our simpie gingle slope power law model with a
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cutoff. However our data are not good enough to constrain such a model. We

therefore strongly caution the reader that these results are model dependant

and should be treated as such.
IX. CONCLUSIONS
We have performed an all sky survey of X-ray sources complete to a
limiting sensitivity of 3.1 x 10-11 ergs/cm2 sec in the 2-10 keV band. Of the
85 detected sources only 7 remain without reasonable identifications. The
log N- log S relation for extragalactic sources is well fit by a Euclidean

law gg = 16.5 5'2'5 where S is in R15 ct/sec

or g% = 2.2 x 10-'15 8—2'5 (erg/cmzs)'1 sr~1 where § is in erg/cmZS in the 2-10
keV band. This complete sample has allowed construction of luminosity
functions based on a flux limited sample for clusters of galaxies and active
galactic nuclei. These functions are well represented by power laws of slope
2,05 and 2.75 respectively. The sample enables us to estimate that the

iuminesity function for active galaxies should flatten at L $3 x 1042

erg/sec
in the 2-10 keV band. The space density of X-ray emitting active galaxies is
approximately the same as that of optically seiected Seyfert galaxies.
Integration of the best fit luminosity functions indicates that clusters
of galaxies contribute < 4% of the 2-10 keV diffuse X-ray background and
active galactic nuclei < 20%. The sum of these contributions is very simiiar
to the 261£11% contribution due to resolved due to sources seen in the Einstein
deep survey. We also predict that many of the objects seen in the deep survey
should be local, {z < 0.5}, relatively low luminosity active galactic nuclei
and ciusters of galaxies. 1In order to determine more accurately the
contribution of low luminosity active galaxies to the diffuse X-ray background

one would have to sample the luminosity range 1041-42.5 Gyer large solid

angles. This would require a complete sky survey with < 30 times the
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sensitivity of the present one and a angular resolution < 20 times berter.
Such a survey would also extend the luminosity function up to iuminosities
of < 1047 ergs/sec. We stress the importance of a complete unbiased X-ray
survey with good identifications in determining log N - log S and luminosity
functions since there are various classes of sources of widely varying X-ray
to optical luminosities. We feel that this strategy rather then deep
observations over small solid angles will determine log N - log 5 and the
luminosity functions most accurately for the local epoch since for a given
observing time and fixed instrumental parameters the number of obgerved
Sources greater than some statistical iimit is maximized when the solid angle
is maximized at a given completeness level for a photon limited experiment.
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FIGURE CAPTIONS
Figure 1. The completeness level of the present survey Vs ecliptic N
latitude. The diamonds are for the first pass and the crosses for the second
pass. The lower histogram is the sky fraccion in each ecliptic latitude bin
(right hand scale). The centre of the diamonds and crosses is 5 times the
mean error for a source located in that ecliptic latitude bin and the size of
the error bar is the standard deviation of this error. Since we truncate at
1.25 RL5 counts alli of our sources at ecliptic latitude greater than 30° lie
well above the 50 level. We estimate that residual incompleteness of sources
at levels less than 1.4 cts is less than 3 sources and zero sources greater

than this 1limit.

Fiqure 2. The error boxes for H0328+025 and H0917-074. The inner and outer
boxes are the 90% confidence boxes as described in Marshall et ail. 1979. The
inner box assumes that the source was roughly constant during our period of

observation.

Figure 3. The distribution of the non-galactic sources detected in this

survey in supergalactic coordinates.

Figure 4. The probability distribucions for k and d. The top panel shows
the AML probability vs. o in the first pass data, the middle panel shows the
AMI probability vs. a in the second pass. The bottom panel shows the 68 and
95% joint probability contour for k and o for the first pass data. The +

marks the best fit.



Figure 5. The differe
best fit is indicated.

because its upper fiux

Figure 6. The AML Kol

model. The 50 and 95%

ntial log N - log 8 distribution for our sample. The
The highest flux point is indicated by a dashed cross

bound is not well defined. (ist pass data}

omogorov-Smirnov test discribution for an o = 2.5

probability bounds are indicated. (lst pass data)

Figure 7. The ratio of the number of observed sources N, . to the number of

expected sources for o

Figure 8a. The cluste
first pass data.

8b. The same in

= 2.5 log N - log S iaw. (ist pass data)

r of galaxies differential luminosity function for the

formation for the second pass data. The best fit

power iaw models are indicated on both panels.

Figure 9. the AML pro
tuminosity function fo

including and excludin

Figure 10. Same as Fi

bability vs. Y the slope of the power law differential
r clusters of galaxies for the first and second passes

g the Virgo cluster.

gure 9 but for the exponential luminosity function..

Figure 11. The Seyfert galaxy luminosity function for the first pass data.

The hest fit power law

differential meodel is indicated. The insert shows the

AML probability vs. Y the slope of the juminosity function.
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TAPE NOe i FILE NO. 1
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TAPE NO. 1 FILE NOe 1 T - . ’ o T N -
& RECORD 11 - LENGTH _ 2480 :
COLUMN CAPTIONS: B -
L% . —
(1) : H NAME e ) !
(2) : PREVIOUS NAMES —
o (3) : 1ST SCAN FLUX ANC 1-SIGMA ERROR (RIS COUNTE/ - i T
SEC)
&y : 2N -
- D SCAN FLUX AND 1-SIGMA ERROR (R15 COUNTS/SEC) ;
i
(3) : ICENTIFICATION
) {
(6) : TYFE OF OBJECT: 1
-+

= SEYFERT 1 GALAXY
2 = SEYFERT 2y NELGs N OR QOTHER ACTIVE GALAXY

2 = BL LACERTE OBJECT
4 = NORMAL GALAXY
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TAPE NO. T FILE NO. 1
RECORD 12 LENGTH 2400

$7) = GQUALITY OF JDENTIFICATION: + = CERTAIN: mhw -3 OR KEAQ-1 MODULATION COL

T LIMATOR POSITION OR EINSTEIN OBSERVATORY P +#* = POSEIBLE

(8) : REDSHIFT

VALUE AND REFERENCE?®

B = BAHCALL yNoAey SARGENTsWeL o Wesl97TsAPwdes2174L 15
- \ L e B2 = BAHCALLINeAesAPeJey2174L77 - e I

€1 = CORWIN$HeGaJRe91971 sPUBL.ASTRONCSOCLPA
CIFIC,83,320 v ] - €2 = CORWINyHaGoJRey19

T4pAsder79y1356 cH

R = CANIZARES)CeRasMCLLINTOCKY JeFo9 RICKERSGaRa 31578y AP Jay 22691

CTHB = CHARLESyPes THORSTENSENS U« 9yBOWYERsS 49 13799NATURE 9281y 285
BV =DEVAUCOULEURS yCEVAUCOULEURS AND CORWIN SECOND REFERENC.

E nkﬁbrom OF BRIGHT GALAXIES 1976 F = FABER$SsDRESSLERsAes 1577 4A. Jag 8

-onUHm2m<a3oLo.qum.bv-L-.MQﬂ.qu
FOQ = FORMANSWeeJONESsCa s TANANBAUMSH. 819763 AP o Jes 2064129

= = HINTZENSP e 9S5C0TTaJeSe91375eAPeJe 9232501145
HSM = HINTZEN P SCOTTyJuSesMCKEEyJoDs 1980 AP, J. IN P

RESS L = LUGGER)P«+1G78y AP J 9221474

2sl67 = . FD .7 FOSBURY,Rs A

5 . o ) N ) e . M = MELNI

CKy ey SARGENTy He v1 9774 AP Jar215.401 .
MA = MACCEGNIDesTARENGHI »MesCOOKE 96 eho s MACCACARG » Ta yPY 9 JoP ey RICKETTSsMede o CHINCARINT 96

«313TByASTROMNLEASTROPHYS

TAPE NO. 1 FILE NO. 1
RECORD 1 LENGTH 2430

WA

MQ MELNICKy Je s QUINTANAYHe s 153754 APeJes 198,197
MP = MCHARDYsJde AND PYEedJ TAU CIRCULAR 3587 1981

MS = SCHMIDTyMe919689APeJey 151935
N = NCOONAN 9 Ta915734Aads 978y

26 \ dKP = 0%

4mmmmnx.o.m.4xnmxH.ﬂ..n:Hrerc.ag..Haqm.»nL.,rommmm:\ ‘;1
s = INRADy Hey 19779 PUB eAeSePe 3899116
SC = SCHWARTZ4DesSCHWARZ yJ s TUCKER 3 W9 s19809APLJLETT. 2384159

Ae
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. v = VIDAL N eV es19759PUBL.ASTRON.SOC «PACIFI
CoB7 462 L Wi S WEFOMANSIDeWeyl377

ob?Z-mmc bMAWDP-bwﬂﬂOvI<m-.HL‘mm ’ W2
T _WEFEDMANYDe We 01578 yMONe NOCTa Re ASTReS0Ce9184¢11P -

W3 = WEEDMAN$DeWs31979¢PROC.IAU GENERAL ASSEMBLY ,MONTREAL

WF = WESTyReMayFRANDSENSey1980,ESO SCIEAT., PREPRINT No110

(9) : CONVERSION FACTOR

(1.E=11 ERGS/CM2 SEC PER R1® COUNTS/SEL)

(12 15T SCAN LUMINOSITY (1.E44 ERGS/SEC

SEC)Y

(11) ¢ 2ND SCAN LUMINOSITY (1.E44 ERGS/

€(12) : NOTES

TAPE NO. 1 : FILE NGs, 1
RECCRD = 14 LENGTH 360

1.IPC DETECTION BUT NCT IDENTIFIED AT PRESENT
2«MULTIPLE CLUSTER FORMAN ET AL 1581

3«eMULTIPLE CLUSTERS PERRENOD AND HENKRY 1581




